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ABSTRACT
In this work the flow through a radial diffuser representing the valve system of a hermetic compressor is solved
numerically by using the Immersed Boundary Method with the Virtual Physical Model, which has been successfully
used for numerical simulation of flows through complex geometries, including fluid-structure interaction. The reed
movement was imposed by prescribing a constant velocity to the reed, with the displacement of the reed limited
through a fixed gap between the reed and the inferior disk. The performance of the method was evaluated for
Reynolds number of 1500. The results showed interesting flow patterns not indentified in static simulations of the
flow. The most important conclusion of the work is that the methodology showed to be suitable for studying the
flow through the radial diffuser with reed movement, indicating that it can be used in the future for the real geometry
of the valve system, including the fluid-structure interaction between the reed and the flow.

1. INTRODUCTION
The valve is one of the main components of a hermetic compressor, given it controls the mass flux inside the
compressor. The opening and closing movements are governed by the pressure difference applied by the refrigerant
flow over the reed. Therefore, it is essential to fully understand the flow through the valve in order to improve the
valve design and to enhance the overall efficiency of the compressor.
Several studies have been made to characterize the main features of the flow through the valve. Numerical solutions
for incompressible laminar flows have been obtained by Hayashi et al. (1975), Raal (1978), Piechna and Meier
(1986), Ferreira et al. (1989), Gasche et al. (1992) and Possamai et al. (2001). Numerical solutions for
incompressible turbulent flows have been obtained by Deschamps et al. (1996) and Colaciti et al. (2007).
Experimental work on this subject has been performed by Wark and Foss (1984), Ferreira and Driessen (1986),
Tabakabai and Pollard (1987), Ervin et al. (1989) and Gasche et al. (1992). Nevertheless, most of these studies are
limited to static analysis of the problem, disregarding the movement of the valve reed and flow-structure interaction.
However, a few studies in this area, Matos et al. (2000) and Matos et al. (2001), do not use a static analysis.
One of the main challenges for modeling the problem is the complex geometry of the valve, and for this reason
simpler geometries have been adopted, specially the radial diffuser. Despite the valve geometry, the treatment of
valve reed movement is challenging for the current computational fluid dynamics methods. The use of body-fitted
meshes, where the computational mesh is set to fit to the body, introduces several computational penalties once that,
for each displacement of the valve reed, the mesh must be updated for the discretization of the new computational
domain. This procedure is quite difficult and requires extensive computational resources.
The main purpose of the present work is to apply an alternative approach for dealing with the valve reed
displacement, namely, the Immersed Boundary Method developed by Peskin (1972). The Immersed Boundary
Method has been successfully used for different applications, especially for problems involving fluid-structure
interaction.
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The Immersed Boundary Method uses a simple fixed grid (Eulerian grid) for solving the flow equations and models
the presence of an interface using a moving Lagrangian grid with the addition of a force field in the momentum
equations for the cells located around the Lagrangian points.
In this work the flow through a radial diffuser representing the valve system is solved numerically by using the
Immersed Boundary Method with the Virtual Physical Model (Lima e Silva et al., 2003), used for calculating the
force field. The radial diffuser is simulated using a two-dimensional approach using the cylindrical coordinate
system. The valve reed is moved artificially by imposing a fixed velocity for the reed and a limited range for the
reed displacement. The results were obtained for Reynolds number of 1500 and shows interesting flow patterns not
indentified in the static simulation of the flow. The most important conclusion of the work is that the methodology
showed to be suitable for studying the flow through the radial diffuser with reed movement, indicating that it can be
used in the future for the real geometry of the valve system, including the fluid-structure interaction between the
reed and the flow.

2. MATHEMATICAL FORMULATION
In this study a two-dimensional, unsteady, incompressible, and isothermal flow of a Newtonian fluid in cylindrical
coordinates was considered to solve the flow through the radial diffuser. The governing equations are the mass
conservation and the momentum equations written in the r direction (radial) and x direction (axial), given by:
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where u and v are de velocity components in the axial and radial directions, respectively; p is the pressure; and ρ and
μ are the density and the viscosity, respectively. The terms Fr and Fx are Eulerian force density fields, which models
the immersed boundary, being thus responsible for the representation of the body inside the flow. The Eulerian
forces are calculated through the distribution of the Lagrangian interfacial forces, f i , with the following equation:
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where 'Vk is the Lagrangian point volume, 'Vij the Eulerian point volume, x k the Lagrangian point position, x ij
the Eulerian point position, and D ij is the distribution function having Gaussian function properties.
Several models to calculate the Lagrangian interfacial force, f i , have been developed (Mittal and Iaccarino, 2005). In
this work, the Virtual Physical Model proposed by Lima e Silva et al. (2003) is used to calculate the interfacial
Lagrangian force, which is defined as:
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where fa , fi , fv , e fp represent, respectively, the inertial acceleration, viscous and pressure forces (by unit volume)
acting on the fluid particle at the interface. The terms of Equation (5) are calculated using the Eulerian field data.
Details of the implementation are founded in Lima e Silva et al. (2003).

3. NUMERICAL METHOD
The Finite Volume Method is used to discretize the governing equations, using a staggered grid. The Power-law
scheme is used for interpolating the convective-diffusive terms and the SIMPLEC algorithm is used to treat the
pressure-velocity coupling. The discretization of the transient term is accomplished by using the three-time level
scheme, a fully implicit second order scheme. The algebraic equation systems are solved iteratively using the
TDMA algorithm. Figure 1 shows the computational domain idealized for the valve simulation, the boundary
conditions, and also the geometric parameters of the valve.

Figure 1: Schematic diagram of the computation domain and boundary conditions for the valve simulation.
In this work, the following geometric parameters are considered: the valve orifice diameter is d=3 cm and the
diameter relation is equal to D/d = 1.5; the height of the valve seat is l = 0.5 cm; the gap variation between the valve
seat and the valve reed (s/d) varies in the range of 0.07 < s/d < 0.10; the dimensions of the computational domain are
1 cm and 2.75 cm in the directions x and r, respectively.
The mesh used to perform the simulation is showed in Figure 2. The region with uniform mesh configuration
(shadow region) is the region where the valve reed moves. Due to the form of the adopted distribution function, D ij ,
the mesh where the Eulerian force is applied must be uniform. The mesh refinement in the shadow area is set with
66x306 volumes, totalizing 20196 elements. The remained domain is discretized with a non-uniform mesh, and the
total number of elements used for discretizing the entire domain is 31434. The valve seat is modeled by setting the
viscosity to infinity.
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Figure 2: The mesh refinement employed.

4. RESULTS AND DISCUSSION
The simulation was performed by imposing a constant velocity for the valve reed. Both opening and closing
movements are set with a constant velocity of Ureed=3.0 cm/s. The Reynolds number simulated is 1500, and is
defined as follows:

Re

UU in d
P

(6)

where Uin is the uniform velocity at the inlet of the flow. The results for the dimensionless pressure profiles, P*,
acting on the reed are showed in Figures 3 and 4 for opening and closing movements, respectively, for several s/d
relations. The dimensionless pressure is defined by Equation (7).
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Figure 3: Dimensionless pressure profiles on the reed for opening movement of the valve.
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Figure 4: Dimensionless pressure profiles on the reed for closing movement of the valve.
The dimensionless pressure profiles describe a characteristic behavior for all valve reed positions. At the inlet
diffuser region there is a large pressure variation, especially for high Reynolds numbers. In this region there is a high
fluid acceleration, which produces a high pressure gradient. Downstream this region, the pressure can increase again
due to the increasing diffuser cross section area. At the valve orifice region, for 0≤ r/d≤ 0.4, there is a practically
uniform pressure distribution because this is a stagnation region.
For the opening movement (Figure 3), it is observed that the minimum pressure increases with increasing s/d and is
displaced positively in the r direction. It is also noticed a small variation of the pressure at the stagnation point,
which decreases with the beginning of the opening movement until s/d = 0.090, and increases again for s/d = 0.100.
The closing movement (Figure 4) of the valve produces a pressure increase at the stagnation point, but a decreasing
of the pressure value for the region where 0.45<r/d<0.75. The pressure values at the stagnation point observed in the
closing movement are much higher than those observed for the opening movement, because the relative velocity of
the flow is also higher.
Figures 5 and 6 show the stream lines for part of the diffuser region, where the most relevant flow patterns are
observed, for the opening and closing movement, respectively.
It is observed in Figure 5 (opening movement) that the height of the main flow recirculation over the valve seat
increases for increasing gaps. It is also observed the development of a secondary recirculation on the valve reed
surface, which is displaced to the end of the reed for increasing gaps between the valve seat and the valve reed. The
development and displacement of the secondary recirculation are responsible for the behavior described for the
dimensionless pressure profiles, where the point of minimum pressure is displaced with increasing gaps.
In the closing movement (Figure 6), traces of the secondary recirculation at the end of the reed can be noted. The
main characteristics of the flow pattern developed during the movement are the squeezing and stretching process of
the recirculation. This process leads to a rupture of the recirculation, resulting in two similar recirculations on the
valve seat.
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(a) s/d = 0.075

(b) s/d = 0.080

(c) s/d = 0.085

(d) s/d = 0.090

(e) s/d = 0.095

(f) s/d =0.100

Figure 5: Stream lines for opening movement of the reed.
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(a) s/d = 0.095

(b) s/d = 0.090

(c) s/d = 0.085

(d) s/d = 0.080

(e) s/d = 0.075

(f) s/d = 0.070

Figure 6: Stream lines for closing movement of the reed.
The flow patterns described were not observed for simulations performed for static reeds, and show a complex
correlation of the reed movement with the developing of secondary recirculations.
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5. CONCLUSION
This work presented the results obtained for the flow through a radial diffuser, representing the valve system of
hermetic compressors, using as alternative approach the Immersed Boundary Method with the Virtual Physical
Model. Complex flow patterns were observed by considering the artificial movement imposed to the valve reed,
which were not identified in studies for static reed. It was noticed the development of secondary recirculation on the
reed surface, which were displaced in the flow direction to the end of the reed as the valve open. During the closing
of the valve, it was observed the squeezing and separation of the recirculation formed on the seat surface, giving
origin to two smaller recirculations. The presence of recirculation zones introduces flow losses and also can modify
the pressure field, which can interfere on the valve performance. The present work was the first attempt of
employing the Immersed Boundary Method for modeling the reed movement, indicating that it can be used in the
future for predicting the valve working for actual geometries of the valve system, including the fluid-structure
interaction between the reed and the flow.
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